In order to predict the fracture parameters correctly and efficiently, it is very important to look after the factors that affect the crack parameters. Specimen geometry is one such parameter which affects the parameters around the crack tip. This paper numerically investigates the effect of the thickness of the specimen on the crack parameters using the Finite Element Analysis tool 'ANSYS'. A side edge notched bend specimen was modeled and analyzed under three point bend condition for different specimen thickness. It was observed that with the increase in the thickness, the crack parameters around the crack tip decreases, and this increase in thickness leads to the shift of the state of stress from plane stress to plane strain.
INTRODUCTION
With the growing use of metal in day to day life, the chances of metal failure have also increased significantly. Due to the application of repeated loads, cracks generate in the material, which grows with time. The catastrophic failure of metals and structures induced the development of Fracture Mechanics. It deals with the initiation and propagation of crack and the factors that affect its initiation and growth. The theory of fracture mechanics was first given by Griffith [1] in 1921 which was underestimated until the pioneer work on the fracture of ductile material by Irwin [2, 3] . After which numerous researchers have worked decades for the development of fracture mechanics in order to make it a useful tool for designing materials and structures.
The engineering application of fracture mechanics requires appropriate parameters to quantify the crack tip condition. The crack tip condition is defined by many crack tip parameters being coined since the development of crack theories. Crack Mouth Opening Displacement (CMOD) was considered as an important parameter at the beginning but after Wells [4] coined the term Crack Tip Opening Displacement (CTOD) in 1963, it became the most important parameter for the determination of the criticality of the crack as it is the measure of the plastic strain at the crack tip. Stress Intensity Factor (SIF), is another very important parameter in Linear Elastic Fracture Mechanics (LEFM). The whole stress field at the crack tip can be derived if SIF is known. Crack extension takes place when the stresses and strains at the crack tip reaches a critical value, which is estimated by CTOD and the SIF. Other important crack parameters include plastic zone size and Crack Tip Opening Angle (CTOA).
These parameters depend on several factors which help in predicting about the crack. These parameters depend on the specimen geometry. The thickness of the specimen plays a vital role in determining the state of stress at the crack tip. A small change in the thickness leads to the variation of the other crack parameters. The thickness of the specimen also determines the plane stress and the plane strain criteria. If the thickness is small, the plane stress condition prevails at the crack tip, and in order to maintain plane strain at the crack tip, the thickness is kept sufficiently high. It works as a bridge for the transition from plane stress to plane strain. As the thickness increases, the near crack tip stress-strain field starts changing from plane stress to plane strain.
Several experimental and theoretical investigations have been carried out in the past to study the effect of the specimen geometry on the crack parameters. C. Michael Hudson and J. C. Newman Jr. [5] in 1973 studied the effect of the stress ratio and thickness of specimen on fatigue growth rate and fracture toughness for aluminum alloys using a servo hydraulic fatigue testing machine. Later in 1983, Murthy et.al [6] performed Photoelasticity test to investigate the effect of specimen thickness on the stress intensity factor for mode I fracture. Samer Mahmoud and Kevin Lease [7] performed fracture tests on aluminum specimen to investigate the effect of the thickness of the specimen on the Crack Tip Opening Angle (CTOA). Paleebut S. [8] measured CTOD and COD for compact tension specimens of different thickness.
Several numerical techniques have been used to solve the fracture mechanics problem and to obtain the crack parameters. Neuman Jr. et. al. [9] used finite element method to simulate and analyze the crack parameters for an aluminum alloy. V. Granados-Alejo et. al. [10] determined both experimentally and numerically the effect of specimen thickness on the fatigue behavior of notched steel plates. Abhijeeet Singh et.al. [11] used finite element tool ANSYS to compare the experimental and numerical results and used ANSYS to determine the effect of varying crack length and other crack dimension on the crack parameters, and hence proved ANSYS a suitable tool for such investigations.
The present article uses the Finite Element Analysis (FEA) tool 'ANSYS' to numerically investigate the effect of varying specimen thickness on the different crack properties for a Side Edge Notched Bend (SENB) specimen under a three point loading system. The geometry of the specimen has been chosen according to the ASTM standards and the thickness varies from 8mm to 11mm for the specimen having a width of 20mm and length of 80mm with crack length varying such that 0.45≤a/W≤0.55.
NUMERICAL ANALYSIS
A simplified FEA simulation using ANSYS was performed for a three point bend specimen made of aluminum alloy (Al 6063-T6). The purpose of the numerical analysis is to check the effect of thickness on the different crack parameters. The analysis consists of two major steps: modeling of the specimen and applying the boundary condition for the analysis. A SENB specimen under three point bend was modeled as shown in figure1 using the properties of Al 6063-T6 as depicted in table 1. The model prepared was meshed with a fine mesh as shown in figure 2. The mesh is finer at the crack tip and crack edge and a coarse mesh on the other parts. A higher number of nodes were chosen near the crack tip as it provides an accurate result. 
Figure 2. Meshed geometry
The thickness of the specimen varied from 8mm to 11mm with an interval of 1mm, and the crack length also varied from 9mm to 11mm following the ASTM standards. The boundary conditions were applied and the analysis was done for the entire range of geometry. The data obtained has been tabulated and documented in appendix 1.
RESULTS AND DISCUSSION
The results obtained have been documented and analyzed, and it has been noted that the variation of the thickness greatly affects the crack parameters. The varying crack length and the thickness both affect the crack property in a combined manner, and it has been studied that the thickness effect for different crack length is different.
Effect on the crack mouth opening displacement
The effect of thickness on CMOD can be seen through figure 3 which shows the graph between thickness (X-axis) and CMOD (Y-axis). Figure 3 consists of three figures, showing the variation for each crack length. It can be clearly seen that with the increasing thickness, the CMOD value also drops. The CMOD shows a negative slope for an increase in thickness. With the increase in the crack length, the value of CMOD for a particular load and thickness increases. It can be clearly noted that the variation of the slope is very small when the thickness and the load is increased for all the crack lengths. The variation of the stress intensity factor with the increase in thickness can be seen in figure 4 , where the independent quantity 'thickness' is plotted on the abscissa and the dependent quantity 'SIF' is plotted on the ordinate. It can be derived from the graph that with the increase in thickness, the value of SIF decreases gradually and the state of stress at the crack tip changes from plane stress to plane strain, where the stress values are smaller as compared to the stresses during plane stress condition, and the change in the SIF values with the change in thickness is very small ( figure 4(b) ). An interesting point to be noted from figure 4 is the combined effect of crack length and the thickness. As the thickness and a/W ratio is increased, the stress condition at the crack tip shift towards plane stress, which means a higher value of stress at the crack tip ( figure 4(d) ). Figure 5 depicts the variation of CTOD with thickness of the specimen. It can be clearly seen that as the thickness is increased, the CTOD values drop. This drop in the value of CTOD is more dominant at higher loads as can be seen in figure 5, at 100N , the slope of the line is less as compared to the slope of the line at higher load. With the increase in thickness, the CTOD values starts converging, which shows the start of plane strain condition at the crack tip. 
Effect on stress intensity factor

Effect on crack tip opening displacement
Effect on the plastic zone size
The effect of thickness on the plastic zone size as determined by the numerical analysis has been documented in table 2 and shown in figure 6 . When the load or the crack length is increased, the plastic zone size increases, but with the increase in the thickness, the plastic zone size decreases. The state of stress at the crack tip influences the plastic zone size. On the other hand the, size of the plastic zone can be used to determine the state of stress. The plastic zone size gradually decreases from plane stress condition to plane strain condition. Figure 7 shows the shape of the plastic zone which remains the same despite the change in the thickness, but the size decreases as the thickness increases. Hence it can be concluded that with the change in thickness, the plastic zone size decreases and the state of stress at the crack tip gradually shifts to plane strain condition. 
CONCLUSION
The effect of specimen thickness on the various crack parameters has been successfully studied using the FEA tool ANSYS. The use of such tools is promoted as it saves time and energy, and can easily solve large number of problems very quickly and efficiently. Using the tool the crack parameters have been studied and analyzed. It was observed that:
• The CMOD decreases gradually and almost linearly. The slope was constant even after changing the load and the crack length.
• The SIF decreases with increase in the specimen thickness. The increase in thickness leads to the shifting of the state of stress from plane stress to plane strain. As the thickness increases, the change in the SIF seizes and the slope of the line gradually reaches zero, as is the case for plane strain condition.
• The CTOD decreases with the increase in the thickness. At light load, this decrease is small, but as the load is increased, the %age change in the value of CTOD increases with the change in thickness. Also as the load increases along with the thickness, the CTOD values starts converging at higher loads.
• The plastic zone size also decreases with the increase in thickness, and converges at higher load when both load and thickness varies. The plastic zone size can be used to determine the state of stress at the crack tip. The size of the plastic zone is smaller for plane strain condition as compared to the plane stress condition. Hence, the decrease in the plastic zone size reveals the shift from plane stress condition to plane strain condition. 
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